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( ). $f$ : $Marrow S^{3}$ 2 $M$ $S^{3}$




$M_{\theta}$ $S^{3}$ $S^{3}$ Clifford
Clifford $S^{3}$
(Clifford ). $i_{\theta}$ : $M_{\theta}arrow S^{3}$ $M_{\theta}$
$f:M_{\theta}arrow S^{3}$ $f=A\circ i_{\theta}$
$A$ : $S^{3}arrow S^{3}$
$f$ Yes ([1])
1.1 ([1]). $f:M_{\theta}arrow S^{3}$ $Diam\omega=\pi$ $S^{3}$
$A$ $f=A\circ i_{\theta}$
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[2] Periodic
admissible pair (p.a.$P$ .) $S^{2}$ $\Gamma=(\gamma_{1},\gamma_{2})$ $\Gamma$
$f_{\Gamma}:M_{\Gamma}arrow S^{3}$ $S^{3}$
(\S 2) p.a.$p.$ $\Gamma=(\gamma\iota,\gamma_{2})$ Diam$(f_{\Gamma})=\pi$
$\Gamma=(\gamma_{1},\gamma_{2})$
( 2 ) Diam$(f_{r})=\pi$
(\S 3), p.a.$p$ . 2
1.1 ([5]). $f:Marrow S^{3}$ 2 $M$
$f$ $H$ Diam$(f)=\pi$
1.1 Clifford
1.2 ([5]). $f:M_{\theta}arrow S^{3}$ $H$
$f=A\circ i_{\theta}$ $A$ : $S^{3}arrow S^{3}$
$\bullet$
$S^{3}$ (\S 2),








2.1. $H$ $H$ 4 R4
$(x_{1}, x_{2},x_{3},x_{4})rightarrow x_{1}+x_{2}i+x_{3}j+x_{4}k.$
$S^{2}$ $S^{3}$
$S^{2}=\{x\in{\rm Im} \mathbb{H}:|x|=1\}, S^{3}=\{x\in \mathbb{H}:|x|=1\},$
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${\rm Im} \mathbb{H}$ $\mathbb{H}$ $|x|^{2}=x\overline{x}$ $S^{3}$
$S^{2}$ $US^{2}$ $S^{2}\cross S^{2}$
$US^{2}=\{(x, v)\in S^{2}\cross S^{2}. x\perp v\}.$
$p_{2}$ : $S^{3}arrow US^{2}$
(2.1) $p_{2}(g)=(Ad(g)i, Adoe)j)=(gig^{-1}, gjg^{-1})$
$p_{2}$ 2
(2.2) $p_{2}(g)=p_{2}(-g) \forall g\in S^{3}$
2.2.
2.1. $\gamma_{i}$ : $\mathbb{R}arrow S^{2}(i=1,2)$ $S^{2}$ $K$,
$K_{1}(s_{1})>\kappa_{2}(s_{2}) \forall(s_{1}, s_{2})\in \mathbb{R}^{2}$
$(\gamma_{1},\gamma_{2})$ periodi$\mathfrak{c}$ admissible pair ( p.a.$p$ .
)
p.a. $p.$ $\Gamma=(\gamma_{1},\gamma_{2})$ $\hat{\gamma}_{i}$ : $\mathbb{R}arrow US^{2}$
$\hat{\gamma}_{i}=(\gamma_{i}, \gamma_{l}’/|\gamma_{i}’|)$
$c_{i}$ : $\mathbb{R}arrow S^{3}$ $p_{2}$ $\hat{\gamma}_{i}$
$S^{3}$ $F_{\Gamma}:\mathbb{R}^{2}arrow S^{3}$
(2.3) $F_{\Gamma}(s_{1}, s_{2})=c_{1}(s_{1})\cdot c_{2}(s_{2})^{-1}$
2.1 ([21). p.a.$p.$ $\Gamma$ $F_{\Gamma}$ : $\mathbb{R}^{2}arrow S^{3}$
$F_{\Gamma}(\mathbb{R}^{2})$ $S^{3}$
$S^{3}$
2.2 ([2]). $f:Marrow S^{3}$ 2 $M$
p.a.$p.$ $\Gamma$ $f(M)$ $F_{\Gamma}(\mathbb{R}^{2})$
2.1. $\Gamma=(\gamma_{1},\gamma_{2})$ p.a.$p$ . $7\iota$ $K_{i}$
(1) $K_{1}$ $K_{2}$ $F_{\Gamma}$ Clifford
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(2) $\omega(s_{1}, s_{2})=\cot^{-1}(\kappa_{1}(s_{1}))+\cot^{-1}(-K_{2}(s_{2}))$ $F_{\Gamma}(s_{1}, s_{2})$
$I=ds_{1^{2}}+2\cos\omega ds_{1}ds_{2}+ds_{2^{2}}, II=2\sin\omega ds_{1}ds_{2}$
(3) $F_{\Gamma}(s_{1}, s_{2})$
$H_{\Gamma}(s_{1}, s_{2})= \frac{1+K_{1}(s_{i})\kappa_{2}(s_{2})}{K_{1}(s_{1})-\kappa_{2}(s_{2})}$
(4) $s_{1}\mapsto F_{\Gamma}(s_{1}, *)$ $s_{2}\mapsto F_{\Gamma}(*, s_{2})$ $F_{\Gamma}(s_{1}, s_{2})$
p.ap. $\Gamma=(\gamma_{1},\gamma_{2})$ $l_{i}>0$ $\gamma_{i}:\mathbb{R}arrow S^{2}$
$I(\gamma_{i})\in H_{1}(US^{2})$
$\hat{\gamma}_{i};[0,$ $\ell_{i}|arrow US^{2}$ $US^{2}$
$H_{1}(US^{2})\cong \mathbb{Z}_{2}$ $I(\gamma_{i})=0$ 1 (2.2)
(2.4) $c_{i}(s+f_{i})=\{\begin{array}{ll}c_{i}(s) . . . I(\gamma_{l})=0,-c_{i}(s) . . . I(\gamma_{i})=1\end{array}$
$I(\gamma_{i})$ $\gamma_{i}$
$\mathbb{Z}_{2}$-rotation index
$S^{3}$ $\sigma:S^{3}arrow S^{3}$ $\sigma(x)=-x$







3.1. $\gamma_{i}$ : $\mathbb{R}arrow S^{2}(i=1,2)$ $(\gamma_{1},\gamma_{2})$ ( )
2 $a_{1},$ $b_{1},$ $a_{2},$ $b_{2}$ 2 $A,B\in US^{2}$ (1)
(2)
(1) $a_{1}<b_{1},$ $a_{2}<b_{2},$ $\hat{\gamma}_{1}(a_{1})=\hat{\gamma}_{2}(a_{2})=A,$ $\hat{\gamma}_{1}(b_{1})=\hat{\gamma}_{2}(b_{2})=B,$
(2) $A$ $B$ $US^{2}$ $\hat{\gamma}_{1}|[a_{1}, b_{1}]$ $\hat{\gamma}_{2}|[a_{2}, b_{2}]$
( )
3.1 ([5]). $\Gamma=(\gamma_{1},\gamma_{2})$ p.a $P$ . (1) (2)
(1) $S^{2}$ $\alpha\in SO(3)$ $(\alpha\gamma_{1},\gamma_{2})$ 2
(2) Diam$(F_{\Gamma})=\pi.$
(1) $\Rightarrow(2)$ (1) $a_{i}<b_{i}(i=1,2)$ 2
$A,$ $B\in US^{2}$
$($ $)\overline{\alpha\gamma_{1}}(a_{1})=\hat{\gamma}_{2}(a_{2})=A,$ $\overline{\alpha\gamma_{1}}(b_{1})=\hat{\gamma}_{2}(b_{2})=B,$
$(\Pi)US^{2}$ $\overline{\alpha\gamma_{1}}|[a_{1}, b_{1}]$ $\hat{\gamma}_{2}|[a_{2}, b_{2}]$
$\alpha\in SO(3)$ $Ad(g)=\alpha$ $g\in S^{3}$
$C_{i};\mathbb{R}arrow S^{3}$ $p_{2}:S^{3}arrow US^{2}$ $\hat{\gamma}$, $gc_{1}$ $p_{2}$
$\overline{\alpha\gamma_{1}}$ $\overline{\alpha\gamma_{1}}(a_{1})=\hat{\gamma}_{2}(a_{2})=A$ $gc\iota(a\iota)=c_{2}(a_{2})$
$\overline{\alpha\gamma_{1}}(b_{1})=\hat{\gamma}_{2}(b_{2})=B$ $gc_{1}(b_{1})=\pm c_{2}(b_{2})$




(2 ). pap. $\Gamma=(\gamma_{1},\gamma_{2})$ $S^{2}$ $\alpha\in SO(3)$
$(\alpha\gamma_{1},\gamma_{2})$ 2
3.1. $I(\gamma_{1})=1$ $I(\gamma_{2})=1$ 2.1 3.1 2
3.1. $\gamma_{1}$ $\gamma_{2}$ generic $\gamma_{1}$ $\gamma_{2}$
$K_{1}(s_{i})K_{2}(s_{2})<-1 \forall(s_{1}, s_{2})\in \mathbb{R}^{2}$






e, $\gamma_{i}:\mathbb{R}arrow S^{2}$ $K_{1}(s_{1})>\mu$
3.1. $\gamma_{1}$ $7i$ $x\in\gamma i$
$7i\backslash \{x\}$ $C_{x}$
$C_{x}$ $\mu$ $x$
$\gamma i$ ( 1)
$\kappa_{2}(s_{2})<-1/\mu$
3.2. $S^{2}$ $C$ (1)$-(4)$ ( 2)
(1) $C$ $\mu,$
(2) $C$ 2 $A,$ $B$ $\gamma_{2}$
(3) $\gamma_{2}|[A, B]$ $P$
(4) $\gamma_{2}|[A,P],$ $\gamma_{2}|[P, B]$ $C|[B,A]$
1 2
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$SO$(3) $\alpha_{t},$ $0\leq t\leq 1$
$\bullet$





$\overline{C}$ 3.1 $t=0$ $\alpha_{t}\gamma_{1}^{*}\backslash \{A_{t}\}$ $\overline{C}$
( 3 )
3
$t=1$ $\alpha_{t}\gamma_{1}^{*}\backslash \{A_{t}\}$ $\overline{C}$ $\alpha_{t}\gamma i\backslash \{A,\}$
$\overline{C}$
$t$ 3.1





4.1. Case l. $H$ Diam$(f)<\pi$
2.2 pap. $\Gamma=(\gamma_{1},\gamma_{2})$
Diam$(F_{\Gamma})<\pi$ $H_{\Gamma}<0$
$H_{\Gamma}$ $F_{\Gamma}$ : $\mathbb{R}^{2}arrow S^{3}$ $\Gamma$
$\gamma_{1}$ $\gamma_{2}$ generic $H_{\Gamma}<0$ $K_{i}$ $\gamma,$
2.1(3)
$\kappa_{1}(s_{1})\kappa_{2}(s_{2})<-1 \forall(s_{1}, s_{2})\in \mathbb{R}^{2}$
3.1 $\Gamma=(\gamma_{1},\gamma_{2})$ 2
3.1 Diam$(F_{r})=\pi$ Diam$(F_{r})<\pi$ $\square$
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4.2. Case 2. $f$ : $Marrow S^{3}$ $H\geq 0$
$n:Marrow S^{3}$ $f$ $f_{\delta}$ : $Marrow S^{3}$ $f$
$f_{\delta}=(\cos\delta)f+(\sin\delta)n, \delta\in \mathbb{R}$
$\delta>0$ $(1\succ(3)$
(1) $f_{\delta}$ : $Marrow S^{3}$
(2) $f_{\delta}$ $S^{3}$ $M$
(3) $M$ $H_{T}>H($
Case 1 Diam$(f_{\delta})=\pi$





5.1. $F$ : $\mathbb{R}^{2}arrow S^{3}$ $N:\mathbb{R}^{2}arrow S^{3}$
(1) (2) $N$ $F$
(3) $F$
(1) $F\perp N,$ $\partial_{i}F\perp N(i=1,2)$ ,
(2) $L:\mathbb{R}^{2}arrow S^{3}\cross S^{3}$ $L(p)=(F(p),N(p))$ $L$
(3) $p\in \mathbb{R}^{2}$ $p$ $U$ $\delta$ $F_{\delta}$ : $\mathbb{R}^{2}arrow S^{3}$ $U$
$F_{\delta}=(\cos\delta)F+(\sin\delta)N$
5.1.
5.2. $S^{2}$ $\gamma:\mathbb{R}arrow S^{2}$
5.1 ([5]). $\Gamma=(\gamma_{1},\gamma_{2})$ 2 $\gamma$, : $\mathbb{R}arrow S^{2}(i=1,2)$
$n_{i}:\mathbb{R}arrow S^{2}$
$\gamma_{i}$
$v_{i}:\mathbb{R}arrow S^{2}\cross S^{2}$ $v_{i}(s)=(\gamma_{i}(s),n_{i}(s))$
$v,(s)$ $US^{2}$ $c_{i}$ : $\mathbb{R}arrow S^{3}$ 2






5.2([5]). 2 $F:\mathbb{R}^{2}arrow S^{3}$ Diam$(F)<\pi$
$\gamma:\mathbb{R}arrow S^{2}$ $n$ : $\mathbb{R}arrow S^{2}$
$v$ : $\mathbb{R}arrow US^{2}$ $v(s)=(\gamma(s),n(s))$ $c$ : $\mathbb{R}arrow S^{3}$ 2 $p_{2}$
$v$ $F:\mathbb{R}^{2}arrow S^{3}$
$F(s_{1}, s_{2})=c(s_{1})\cdot c(s_{2})^{-1}$




5.1 $\iota$ $S^{2}$ $\Gamma=(\gamma_{1},\gamma_{2})$ $S^{3}$
5.3 ([5]). $M$ 2 $f;Marrow S^{3}$
$M$ $S^{2}$ $\Gamma=(\gamma_{1},\gamma_{2})$
$p$ : $\mathbb{R}^{2}arrow M$ $f\circ p$ $F_{\Gamma}$ $S^{3}$
$A$ $f\circ p=A\circ F_{\Gamma}$
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